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I 

t « 

Motivated by tl)c needs of a field project to measure spectral rnanifeslations of minerali/ation 
in vcijetation, tlic authors set up an cxivrinient to measure cliatiijes in leaf spectra under differing . 

I 

• » 

methods of preservation over time. The spectral measurements were made usitrg a thice band 

\ I 

hand-held portable radiometer wh«rh simulated three Thematic Mapper ( I'M) bands — TM.!, TM4 

and 1 M5. . , • 

» * 

Using a procedure identical to that used in an rmgoing geobotanical field project, daily spectral 
measurements of white oak {Qiu’nus alba) leaves uiulci three preservation treatments were made. 
The spectial readings over three treatments fiesh, bottled and bagged vegetation were indis- 
tinguishable in bands I M3 and I MS for up to four days after collection. After that time bagged 
and bottled samples showed significant increases in reflected eneigy. This was Interpreted as being 
related to loss of chlorojdiyll from and <lehydration of the vegetation. There was no significant 

I 

I , 

variation in the reflectance values from 1M4 over preservation type for the experimental period. 
Tliis was intcipieted as indicating the persistence of the air space-cellular interface. 
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■ INIRODIKMION 

* • 

i roil.il>li''i<i(liomi-li-rs wliicli lui' iisi-d to nu’.iMiic lofli-ctaiu'c ftom vi-t^-.clation in the ndd 

; i-mploy the sun as a lif.lil s«>iircc. Moasuri’ini-nt »>f lliis rofli-ilcd solar radiation even in topoyiaph- 

iially siinpK* ai--as is coinplicatod by solar /I'nith arrijU*, ba/c and cloud cover, I'lic rcscarclicr 

sluutM try to avoid confoirnding variation in reflectance ass«>cialed with these environmental 

« 

• ' factors within variation relateil to the phenorrtena trruler strrdy. I'rorn an experimental perspective 

t 

this can be achieved either by randonti/inp. the conditions uruler which rneasttrements are rttade or 

» 

by restricting orrtselves *o orre set of conditions, i.e., "keepinp other thirrps conslarrt.” WItile the 

I 

frrst approach, if sirccessftrlly applied, leails to ntore pcrreral resirlls, it is an irntenable rnellrodology 

in field experirtrertts as the weatirer is unhkely to change irr a fashiotr to rrreet rdher constraints 

(particularly linte contrasts) of the experiment, and the resulting error variance rrtay be t»)o large 

to perrrrit irs ti) discern triher |ialterns in the data. We alicrnativcly rrtay restrict out ttteasitu rtrents 

to petii>»ls of high zenith angle and relatively little clortd cover. This too can be a seriotts problem • 

itt remotely located lieKI expcrirrrerrts where observations rmrst be made at regithir irrtervals during 

« 

the growittg season. However, on occasirms wlten the corulitions ptovr irnsuitable, vegetation ntay 
be transported to amriher location, stored fi>r a petivul of tirrre atrd ttreasured when weather condi- . 
tions ate satisfactory. It rntrst be stressed that removing vegetation from the rtehl has the intplicil 
assumption that its removal and storage will not significantly change the spectral pto|vrlies of the 
vegetation. 

I 

rite objectives then of this study were two fold: 1) to ileterrninc how- long leaf refiectance 
remained trnchanged after leaves are crrllected; and 2) to assess the effects of leaf storage methods 
on leaf reflectance. In this exjH-rirnent two storage methods were evaluated: I) storing the leaves 
strll attached to braneftes which were placed in distilled water; and 2) refrigerating leaves in paper • 
bags. 
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riic picsciit stutly was ilcsii^nrj to jiiovidc iiirorinalion lo be usei) in establishing vegetation 
collection j>toccthiies for a project stiulying the leflectancc of \shite oaks (Qinrcns alba) growing 
rm soils in a rninerali/ed region (metal suirule*). Of primary nrtporlancc to this research is the 
sensitivity With which we may detect stress in vegetation. 

While the samples used in this study were drassrr front five white oak trees growing almig the 

edge of a wtHuled lot in (Ireenbelt, Maryland, the results i>f this stmly are considereil applicable to 

other hardssood species growing in tern|X‘tate climates and will j>rovide us with: 

♦ 

(1) the lower limit «>n the sensitivity of tlie experimental proccihire to measure stress; 

(2) an estimate of tlie time period for which one can preserve vegetation, specifically leaves, 
and still relate S|vctral readings from the vegetation to readings made in the field; 

(3) a comj'aiison of two simple methods of vegetation preservation. 

Mb 1 1101)01 (HJY 

Daily leflectance measurements of vegetation were irraile in three spectial bantls to iletermine 
what relationship, if any, existed between sjH'Ctral renectance and the iirethod of preservation or 

I 

the leirgth of storage time. Reflectai’icc rrreasirrenrents were noted for vegetatioir preserved using 
two methods: I) refrigerating the leaves in paper bags and 2) jdacing branches with leaves irrtact 
in distilled water. The reflectance values of the preserved leaves were compared to freshly clip|>ed 
vegetation for a period of eight days. Reflectance measurements were made irsirrg a three band 
hand-held radiorrreter ( Tucker et. al., l‘)8l). 

Maud Meld Radiometer 

I 

The railiorrreter used possesses two silicon detectors which have a sensitivity rarrge of approx- 

. • 

irnately 0.1 to 1.1 prn and orre lead sulfide detector with a sensitivity range of approximately 1.1 

» i 

« 

to 3.0 pm. The spectral range of the device was deternrirred by rrroirrrting irrterfererree filters in 
front of the detector^. The radiometer was configured to mimic three bands of the Thematic 
Mapper ( TM) sensor which will fly on I andsat in 1982 — TM3 (0.63 0.69 prn), TM4 (0.76-0.90 prn) 



and I MS (1.55-1.75 pin). I'lic lian&iniskiun uiivcs for Ihc fillers used in this leseaich ate given 
in I'igiire 1. These hands arc list'd heeausc of Iheir relation to Ihc chlorophyll content, mesophyll 




‘ sliucturc and H^O content, respectively, of vegetation (Tucker, 1978). 

I 

• • 

/ 

Modes of Pieseivation 

I 

riie jHipulation of leaves used in the expeiiinent was lestiicted to those from white oaks, the 

I 

same s|H‘cies used in oui geobotanical study. F'or reasons jf logistics, tiees within the confines of 
Ihc f'loddard Space I'lighI Center were used. All the cuttings (s;imples) were second year or older 
' twigs from five laiuloinly selected tiees. The s.'».nples were selected laiutomly with respect to 
’ orientation (a/.inuilh) and height in the canopy. In all, 48 samples were taken, each containing 
' approximately 25 to .10 leaves. The samples weie randomly divided into two gioups: 

(1) I eaves from twenty-four of the samples were removed fioin their branches and placed 

in an indeily manner in pa|U'r bags, which were then sealed with tape and caiefully (to avoid damag- 
ing the leaves) stoietl in a refrigerator. 

(2) 1 eaves weie left on the branches of the other twenty-four samples. To enhance water 

absoiplion, approximately 3 to 5 inches of b.iik was stiipi ed off of the bottom part of each branch. 

The branches weie then set in clean bottles filled with distilled water. Distilled water had to be 

added to each bottle daily to replace water lost due to evapotranspiration. 

* * 
In addition to the b.'igjiied and bottled s.amples, fresh samples, cut ilail/ only minutes before 

reflectivity readings were to be made on them, acted as a control on the other *wo modes of pres- . 

ervation. 

* . * 

Piocedures of Daily Measurements • 

t 

I 

' Daily reflectivity measurements proceeded in the following manner. Readings were taken 

-•7 ' 

only under elear weather conditions in direct sunlight. To reduce differences related to sun angle, 

S' , ^ 

all spectral measurements were taken between 1 1 AM and 3:."'0 PM Fastern Daylight Time (10 AM- 
■ ■ 2:30 PM Solar Time). All the measmements were taken in the principal plane with the sensor 

■ I ’• 3 ‘ TAGE IS 

* K i^UALfTY 

- * ' - _ , . . 



IHuiliuni'il apinoxiiiiatcly 10” olT nadir lo picvonl casting shadows aciuss the sanii'k*. I'vciy day 

» 

I 

two bottled and two bayjjcd sainpk's were seketed at random for mcaMireincnI. The icfk*ctivity 

I 

incasurrments were made in a clearing near the trees which liad provided all of the sani|'ks, in 

• • 

^ Ollier to iiiMiie fiesh uittings for the control readings. Samjde measiireinents were randonii/ed 

with resjH’ct to the mode of pieM'ivation (bagged, bottled, or fresh) to control for potential biases 

* • 

accompanying the stait up of daily exiH’rimental puKcdiire and the time of day measurements 
i 

were taken. ‘ ] 

« * • 

• » • 

The leaves were separated (those in the bottles were removed from their branches) and placed, 

( 

adavial surface up, in a monolayer on a I fool square, 1/8" thick aluminum plate, so that they 
coveied the entire plate. The plate’s surface was painted with a potassium silica based (lal black 
I'ainI possessing a very low reflectance over the s|vclial legion which includes the bands examined 
here. .\ si-cond plate surfaced with barium sulfate was used as a standard ( J. Schult, personal 
communication, I ‘>80), 

Once the sample was piepaied on the black plate, a phologiaph was taken show ing the vegeta- 
tion annotated with the dale, type of preservation, and the replicate number of the sample. A dark 
reading, achieved by coveting the radiometer’s sensor, was also taken so that drift could be noted • 
and the lead sulfide detector /e:oed. The rneasmements were made at a height of approximately 
20 ccnliinelers (8 inches', above the plate. Since the field of view of the simsor was I 2.5 degrees, , 
energy from an area of approximately IS. 5 squ.ire centimeters was measured. Readingr. were taken 
alternately on the leaves and the barium sulfate panel. \ paii of readings look approximately five 

I 

to ten ra'ccnuls and several pairs of readings were inade in an attempt to minimi/e instrument 

t . 

variation. The procedure was rei>eated for all 6 samples (2 cf each mode of presenalion). 

The actual length of the experiment was 9 days, from September .1 lo September 1 1, I ‘.>80. 
The samples lo be bottled and bagged were all cut on the 3rd, and the reflectivity measurements 





I T • 


• were taken from the 4th to the I Ith, inclusively. No leadings weie taken on the 5th of September 

« 

• I 

due to a heavy cloud cover. ... . — 

1 ; • 


KHSUUS , 

. I ‘ I 

F'xpcrimental Design I I ; 

■ . 1 

The j>rocodure’tlcscrihcd in fhc previous sctiioii was sc\ up so that the sjvcific questions out- 


i 

« 


4 


lined in th? Introduction could be answered. To answer these questions we set up a statistical 

, I ‘ 

analogue of the expeiiinental situation. The exiu'iiincntal design is that .analogue and its algebraic J 

» • 
operations are performed using a nocedurc known as analysis of variance (ANOVA) — Fisher, 

1970. Within the ANOVA procedure the variation in a measurement is partitioned among sources 
of variation, these arc cijuivalent to the subjects of the questions (e.g. date since clipping of vegeta- 
tion). The question itself is constructed as two hypotheses (the null and alternative hypotheses) 
which arc structured to include all poss’-ble answers to the question. A decision as to which 

t 

hypothesis is more likely correct (which in turn can be translated into an answer to the original 

» 

cpiestion) is based upon whether or not the source of variation “explains” significant amounts of 

I 

the total variation. In this section we formally describe the ex|u’rimcntal design. 


In this experiment w'e have explicitly *aken account of two factors (also known as main 

effects) - day after clipping (date) and type of preservation (type). Since the experiment was 

IH’rformed on seven days, we say that the date factor has seven levels. Similarly, the ty|-)C factor 

has thiee levels — fresh (fr), bagged (bg) and bottled (bt). For each combination of date and type 
• • 

« I 

level, there are two leaf samples or replications (reps). Measurements of the reflected energy in the 
0 • 

bands I'M.l, TM4 and TM5 were made on each rep. These measurements are the dcix-ndent vari- 
ables for this experiment. Because each level of the date factor occurs in the experiment in com- • 
bination with each level of the type factor, the design is known as a factorial design. The construe- 

t 

• » » 

tion of a factorial design permits us to examine the interaction between the main etfects. The 
meaning of the interaction effect will be discussed below within the context of specific data analyses. 


r- 


f 


rtic |)iobK'in U llu'i) lu examine \aiialion in icfli-ctancc ineasnii-incnls anJ assi|in it to the 

I * • 

‘Jalc factor, tlic type factor, the interaction bet»ceen ilate and type or wmie collection of non* 


x|H*ciried effects (the eiior). I'lie r^tructnral foim of the lelationxhip between lellectance ami the 

* 

tonrcei of variation isi;iven by 


« • 
• I 




dk 


(I) 


where: 


• ‘ -r 

t 

• I 


is tire jvrcerrt or proportion of lellectarrce in band c (c ■ 1, 2, 3) for the k'** rep 
(k ■ 1 , 2) sirbjected to the type of preservation (i • 1 , 2, 3) and tneasitred on the 
j”* dayO *1.2 7); 

: ' 

is the oveiall mean reflect trice from band c; 

a' ate constants subject to tire restriction y 0 and represent the variation con* 

i-1 

Iribnted by the i*** method of preservation to the reflectance in band c; 

^ are imleiumdcntly and normally distribnied tanilom variables with mean eijiial to zero 


'and variance equal to 


variation contributed 


by the j'*’ date to the reflectance in band c; 

are Nil) (0, (2/3) random variables subject to the restriction 1' 0 for all j, 

and represents the variation contributed by the interaction of the i‘** type of preserva* 

tion and Ihcj*** date to the reflectance in band c; 

— • • - 

_ I » 

arc Nil) (0, random variables representing all other unsiKcified sources of varia* 
tion, commonly called the error; 

Pj, fyii ^rc independent. 


r i 


If wc take the c>nH*ctalion over rep* for each Irealmcnl ami viiblract the overall mean (/j), 
equation (I) heroines ' 

ami the vaiiaqce of is lyven by 


( 3 ) 


Pie luoblein is now cleaily to ilcteiininc which of the terms on the li^lit hand sides of equations (2) 
and O) are likely to be non zero, Piis deteimination is accon.|dished by paititioning the total varia- 
tion among the above terms and coinpaiing sum of Mpiares. 


In summary: 

(1) the cx|viimental design is a two-factor factoiial design; 

(2) the date factor has seven levels and is a rand««m effect; 

(3) the type factor has three levels and Is a fixed effect; 

,c. 


(4) the piesence of a non-zefo tenn among the rr’s will imply that not all pieseixation types 
have the same effect on reflectance; 


(5) the presence of a non-zero vaiianee among the ^j^’s will imply that the lefiectanee changes 


v>'i(h dale; 


(6) the piesence of a non-zero variance among the '4^^ s will imply that changes in reflectance 


ovei date are not the same for each preservation type. 


Data Analysis 

Table 1 gives the results for the two factor-mixed effecis-factorial design described in the pievi- 
otis section. Fach sub-table is an analysis of variance for one of the three TM Rands. Pic analyses 
were accomplished using the HMDP3V program (Jennrich and Sampson, 1979). Computation for 
these and all other analyses in this paper were perfoimed on an IRM 370/3033 computer located at 
the Pennsylvania Slate University. In each sub table' the first three sources of variation correspond 
to a-, 0^ and afi- respectively. Pie important points to note are: 











(1) All filter sourccf of variation are M|>iiincant at any cunvcntiunal a level for I M3 and I MS. 

I 

(2) There it no evidence to indicate that the tyjic of jiietcrvation oi interactiont are sii,>nin> 
cant contributors to reflectance in I M4, Conclutiont about the date effect are lets 

t 

certain, and tince we arc using an a ■ 0.02 K-vel of significance for individual tests in 
Table I we conclude thai date is not significant. 

I 

I 

If we examine the plots of the treatment means over date for each tyj^e of piescrvation (see 
Figures 2 to 4), we can develop tentative hypotheses for the results of Table I. In the figures associ* ' 
ated with I M3 and I MS, it appeared that the ly|>c of preservation was not an important factor fu< 
the first few days after •■lipping. However, as the time since clipping got longer, the differences 
in the reflectance between fresh versus bagged and bottled samples increase. This is the pattern 
of variation being captured in the tyjH.' and date-type interaction terms of the analyses of variance. 

I M4 (l-'igure 3) is considerably more difficult to interpret, ('learly the date effect is significant 
and the figure show's that there is an increase in reflectance to the middle of the ex|vrinicnt with 
the reflectances of bottle and bagged samples decieasing towaids the end of ex]x'rimental jxTiod. 

This trend would likely have yielded a significant interaction had the experiment lasted longer. . 

I ' 

This pattern will be dealt with further in the Hiscussion section. 

Patterns of variation were examined fuilher by looking at subsets of the data. We fust wished 

« 

to rule out that the variation noted was due to environmental effects such as changes in atmospheric 
conditions or systematic changes in the measurement procedure over the experimental period. 

I 

Since the fresh samples were our standard for comparison and were .not subjected to a period of 
deterioration prior to measurement, a significant date effect among these samples would be at- 

I 

tributed to external effects. Table 2 demonstrates that there was no significant change in the 

t » 

reflectance of fresh samples over date for any of the spectral bands. Next, to examine the conjee- • — 

! 

turc that there was rjo difference in the reflectance over the three prescn'ation types for a 
finite but undetermined period of time, we examined data for the first three experiment days 
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Figure 3. Means of replicated reflectance measureincnts from FM4 over time 

by preservation type. 
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One-way ANOVA testing • lation in reflectance from fresh vegetation over time. 
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(I, 3, and 4 days after clipping). The results arc given in Table 3 and we noted that there were 
no significant effects in any of the three spectral bands. However, when we examined variation 

over the entire experimental period solely in the bagged and bottled samples, (Table 4) we saw 

• • 
• • 

that the variation in I M3 and I MS was significantly different for at least one of the experi- 
ment days. 


« 

I • 


The previous three results lead us to the logical conclusion that the significant variation 

• • I ' 

• * • 

found in the date effect is due to the changes in the reflectance measurements of the bagged 

• : ' < 

. • ‘ ; 

and bottled samples from the early to late portion of the experiment. It is clear from the pre- 

• » 

vious results that the preserved sample reflectance does not differ significantly from fresh cutting 

i ■* 

t 

responses in the early stages. The point in time of the change can be determined by setting up 

I 

a series of orthogonal difference contrasts (Dayton, 1970). These contrasts arc based upon the 
combined means of the bagged and bottled samples over date. The coefficients associated with 

I 

the difference contrasts arc given in Table 5. Note that there are six contrasts which correspond 
to the six degrees of freedom associated with the date factor. The logic hehiiid these contrasts 

I 

is that we step through the experiment days, starting with days I and 3, comparing the mean ’ 

• I 

I 

of all the previous days with the current one. For example, we first compared the combined 

I 

mean of bagged and bottled samples for day I versus those of day 3, then we combined the 
means of days I and 3 and compared this new mean to the mean for day 4, and proceed in this 

t * 

■ fashion until we were comparing the combined means of day I through 7 against day 8. The 
! 

coefficients given in fable 5 arc the weights by which we multiplied the means for any given 

' I 

contrast. Use of the contrasts allow'S us to orthogonally decompose the sums of squares, which • 

I 

upon suitable manipulation can be transformed into a t statistic with 21 degrees of freedom ; 

’ ’ i ' 

for each contrast. The results of these analyses are given in Figures 5 to 7. Since we were 

« 

* * * * 

performing 6 sequence tests for each band, we have used a Bonferroni adjustment (Fisher, 1970) 

' . ’ ' * 
to adjust, the family ’confidence limit (for each hand) to 0.05. This means that the a level for 

’♦ I 

• * . I 

each t test is set at 0,05/6 = 0.0083, which is achieved by using t(»' = 21, a = 0.0083) 3 2.84. 
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A tiiislu’d line corresponding lo Ihii value it present in each figure. We rroled that for I'M3 and 
I MS the first significant t value cK'cursat contrast three giving a change point hetween the fourth 
and lifth day. I'urther, there was no sigjiificant contrast for I M4 (Figure 6); this was in agreement 
with the results of Tahles 2 and 4. 


t 

Tahle 5 

Orthogonal Difference Cimtrasl Coefficients used in Determining First ('hange Date. 
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Discussion 

In this experiment we have repotted that no significant change occurretl in the leflectancc 
in any of the three si>ectral hands for clipjH'd leaves with either method of preservation for at least 

t 

four days after clipping. Beyond four days, reflectance in bands I and .3 from bt and bg leaves 
increased to the end of the experiment. No statistie-ally significant changes trccuired in band 2 
reflectance from the three treatments over the experimental period. However, examination of the 
band 2 plot. Figure .3, hints at an initial increase in reflectance, followed by a decline in the reflec- 
tance values for the bt and bg samples. Further, the results sue.gest that leaves placed in paper 

I * 

bags have reflectances closer to those of freshly clipped leaves than leaves left on the branches and 

I 

placed in distilled water. However, the differences irt reflectance were not statistically significant. 
These results arc similar to the conclusions of Keegan ct al., 1955a, 1955b. In these reports, 
personnel at the National Bureau of Standards studied reflectance changes of white oaks under 

; I 

natural drying conditions oi stored in metal containers. 
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Figiiic 8. Spcitrul rcflccldiice of giccn leaf vegetation over 0.35-2 50/iin 
• (ituMlified after Tucker, 1978) showing bands used 

and dominating phenomena. 
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Wc may interpret these results using I'igure 8 inoilificd from Tucker ( I97K) illustrating the 

locatiun uf tlie three hand held radiometer bands and the phenomena which dominate variation in 

» 

regions of the green leaf reflectance spectrum. ,Thc first band 'I M3, (0.63 to 0.69 pm) is centered 

I I 

on a chlorophyll absorption maximum. From tlie onset of leaf senescence, about day S, to the 
end t)f the ex|K'rime' i the reflectance uf clipped samples increased dramatically in I M3. An 

f 

I 

increase in refiectance in the visible region is well documented for diseased, stressed and senescing 

I • 

leaves and has been attiibuted to a breakdown of the chlorophyll pigments in a leaf (Gates et al., 

I 

1965; Knipling, 1970; Kabideau et al., 1946). The second band, 1 M4, (0.76-0.90 pm) falls within 
' a region of the sivctrum in which leaf structure governs changes in the infrared reflectance (Gates . 

I 

et al., 1965; Knipling, l969;Gausman et al., 1970; Sinclair, 1971). Infrared reflectance in the 

s 

* 

leaf is due to scattering in the mesopliyll layers. In. the pallisade and spongy rnesophyll the cell 

walls act both as reflecting surfaces and boundatys where refraction occurs as the light passes 

• 

from air filled cavities into the hydrated cellulose of the cell walls. During the early stage of 
senescence an increase in reflectarce may occur as adjacent cell walls are torn apart creating more 
refiecting surfaces (Knipling, 1967). In late stages of senescence, reflectance decreases as cell 
walls disintegrate (Knipling, 1969). This would suggest a pattern of reflectance similar to the one 

I , 

wc witnessed, i.e. a slight increase in reflect ance prior to the decrease in reflectance over time. 

• t 

Band 3, I M5, of the hand held radiometer ( l.55>l.75 pm) measures infrared reflectance between 


two strong water absorption maxima at 1.45 pm and 1.95 pm. Above about 1.3 pm leaf senescence 

• I 

■ is manifested by an increase in reflectance which is due to the toss of water by the leaf (Myers and 

Allen, 1968; Thomas et al., 1971). This too conforms to the pattern of variation we see in Figure 4. 

i 

J In summary, then, referring back to the questions set out in the Introduction; 

I • • . r 

I (I) The measurement procedure used is sensitive enough to discern documented patterns • 

. . : : I 

» of variation in reflectance measurements which have been associated with changes in the 

i . » 

j leaf pigments (particularly chlorophyll) and the wafer content of drying (stressed) or 

' ; . ! 

' senescing vegetation. 
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(2) Wc may use icflcclancc mraMimncnls from rlip|H*d vi*i;clation for up lo four ibyt and 
> . . .be able lo directly relate the result* to freshly picked vegetation. 

(3) Neither of the two methods of proervalion was slalisfically superior. However, the 

» 

bugged samples were easier to handle and aptKared lo yield reflectances which remained ‘ 

s 

closer to the fresh samples. 

' ♦ 

I I 
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Figure 1. Spcctial sensitivity of three interference filters used in tJns study. 

F'lgiire 2. Means of replicated reflectance nieasureinents from I M3 over time by preservation type. 

I 

FMEure 3. Means of replicated reflectance measurements from 1M4 over time by preservation ty|>e. 

I'iEure 4. Means of replicated reflectance measurements from I M5 over time by preservation type. 

F-'igure 5. Values of t statistics for the orth<vgonal difference contrasts from combined means of 
bagged and bottled samples for I M3. 

FMgure 6. Values of t statistics for the orthogonal difference contrasts from combined means of 
bagged and bottleil samples for I M4. 

F'igure 7. Values of t statistics for the oithogonal difference contrasts fiom combined means of 
bag.ged and bottled samples for I MS. 

1 

F igure 8. S|H‘ctral reflectance of green leaf vegetation over 0.35-2.50 /on (rnodifieil after Tucker, 

I 

1978) showing bands used and dominating phenomena. 



